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CORRELATION BETWEEN SAW BLADE WIDTH AND KERF WIDTH 
MELISSA MENSCHEL 
ABSTRACT 
Most studies of saw marks have focused on morphological characteristics and 
their utility in identifying saws suspected to have been utilized in cases of criminal 
dismemberment. The present study examined the extent to which metric analysis may be 
used to correlate saw blades measurements with kerf widths. A sample of 56 partially 
defleshed white-tailed deer (Odocoileus virginianus) limbs were utilized as a proxy for 
human remains. The partial limbs were cut using a variety of commercially available 
saws, including 11 manual-powered saws and 5 mechanical-powered saws. A total of 496 
false start kerfs (FSKs) were measured using digital calipers. Two experiments were 
performed, with the first test examining the kerf widths of false starts produced on 
specimens that were restrained using a bench vise, while the second test analyzed the kerf 
widths of false starts produced on minimally restrained specimens.  
Statistical analysis using Hierarchical Linear Modeling (HLM) indicated a 
positive relationship between saw blade width (mm) and minimum kerf width (MKW), 
with blade width (p<0.001) and the overall difference between the mechanical- and 
manual-powered saws (p=0.029) tested, reaching statistical significance. A comparison of 
MKWs produced using manual-powered saws on unrestrained and restrained bones 
suggests that restraint condition (p=0.009) has a statistically significant effect. In 
comparisons of MKWs to blade widths, the average ratio for mechanical-powered saws is 
18.7% greater than the average ratio for manual-powered saws. While the mode of the 
 vi 
ratios was 1.42, supporting the general rule that MKW does not exceed 1.5 times blade 
width, multiple individual ratios did surpass 1.5.  
 vii 
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CHAPTER 1: INTRODUCTION 
 
Due to the use of saws employed by perpetrators in criminal dismemberment, the 
implementation of saw mark analysis combining both qualitative and quantitative 
techniques enables forensic anthropologists to make deductions regarding the tool that 
caused the mark and provide investigators with information that is of evidentiary value in 
a medicolegal setting (Andahl 1978; Bailey et al. 2011; Nogueira et al. 2018; Porta et al. 
2015; Symes 1992; Symes et al. 2010). Analysis of dismemberment requires an 
understanding of sharp force trauma (SFT), which is produced by a pointed or sharp-
edged instrument that impacts a relatively small focal point on a substrate under a slow 
loaded compressive force (Amadasi et al. 2019; Bohnert et al. 2006; Kimmerle and 
Baraybar 2008; Kroman and Symes 2013; Symes et al. 2002; Symes et al. 2010). In cases 
of criminal dismemberment, perpetrators often performed the dismemberment in the 
location where the homicide occurred and relied on readily available tools, which 
generally included knives, axes, and wood or metal saws (Bohnert et al. 2006; 
Hainsworth 2019; Konopka et al. 2007; Rajs et al. 1998; Rutty and Morgan 2019; Symes 
et al. 2002). The type of dismemberment commonly encountered in a medicolegal 
context is classified as defensive dismemberment, in which the purpose is to ease the 
transportation of the body, conceal the victim’s body more easily, delay discovery by 
erasing traces of the crime, and to prevent identification of the victim (Amadasi et al. 
2019; Black et al. 2017; Di Nunno et al. 2006; Holmes 2019; Konopka et al. 2007; Porta 
et al. 2015; Rajs et al.  1998; Sanabria-Medina and Restrepo 2019; Symes 1992; Symes 
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et al. 2002).  
Various studies (Adams et al. 2019; Konopka et al. 2016; Rajs et al. 1998; Ross 
and Radisch 2019; Seidel and Fulginiti 2014; Watanabe and Tamura 2001) examining the 
prevalence of criminal dismemberment indicate that such cases are not a rare occurrence 
and emphasize the need to continue to standardize SFT analytical techniques. In New 
York City, 55 cases of criminal dismemberment were recorded over a 22-year period 
(1996–2017), with a ratio of one dismemberment case for every 224 homicide cases and 
an average of four cases annually (Adams et al. 2019). Seidel and Fulginiti (2014) 
recorded eight cases involving criminal dismemberment over a 28-year period (1984–
2012) in Maricopa County, Arizona. The North Carolina Human Identification and 
Forensic Analysis Laboratory at North Carolina State University worked 11 cases of 
dismemberment over a period of 9 years (2011–2019) (Ross and Radisch 2019). 
Homicides involving criminal dismemberment are not isolated to the US, with 30 cases 
recorded in Poland over a 50-year period (1965–2015), 22 cases recorded in Sweden over 
a 30-year period (1961–1990), and 134 dismemberment cases over a 51-year period 
(1947–1998) in Japan  (Konopka et al. 2016; Rajs et al. 1998; Watanabe and Tamura 
2001). The prevalent employment of saws in acts of criminal mutilation emphasizes the 
need to validate saw identification techniques and account for the subjectivity inherent to 




CHAPTER 2: PREVIOUS RESEARCH 
 
Previous research into saw marks primarily reported on their morphology, 
qualitatively examining striae features produced by saw teeth in the kerf walls and the 
kerf floor of the cut substrate to determine implement class from various blade 
characteristics and saw power (Freas 2010; Nogueira et al. 2016; Symes 1992; Symes et 
al. 2010). The subjective nature of analyzing morphological features emphasizes the need 
to conduct more research on quantitative saw characteristics such as minimum kerf width 
(MKW) and the extent to which variables such as saw power or blade width influence the 
kerf produced (Thomson and Black 2019). 
Symes (1992) utilized 38 different saw types and relied on both morphological 
and quantitative examination of the cuts produced by the saws in bone to address the 
utility of the class and individual characteristics of each saw used. Symes (1992) 
introduced various class characteristics such as saw set, teeth per inch (TPI), MKW, and 
saw power. Set, which describes the amount of lateral bending that each tooth has away 
from the midline of the saw blade, directly relates to MKW (Black and Thomson 2019; 
Bonte 1975; Guilbeau 1989; Hainsworth 2019; Symes 1992; Symes et al. 2002; Symes et 
al. 1998; Symes et al. 2010). Of the three most commonly encountered types of set, an 
alternating set has teeth arranged at opposing angles, with each tooth bending laterally in 
the opposite direction of the tooth preceding it. In a wavy set, increments of teeth along 
the blade have alternating sets in a sinusoidal pattern (Guilbeau 1989; Saville et al. 2007; 
Symes 1992; Symes et al. 2010). In a raker set, unset “raker” teeth are placed throughout 
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a series of set teeth and rake away the (bone) dust created by the preceding teeth. Raker 
teeth are generally placed in patterns of every third, fourth, or fifth tooth and share the 
morphology of the other teeth on the blade, but lack the lateral bending (Guilbeau 1989; 
Symes 1992). Set therefore has a profound influence upon the width of any kerf 
produced, beyond just the thickness of the blade itself. 
Symes (1992) examined the relationship between kerf width and blade set width 
utilizing 38 saws to produce 10 consecutive cuts on fresh human femora and tibiae shafts 
with one end of each bone held secure with a vise and two false starts accompanying each 
cut. Rounding each measurement of minimum and maximum kerf width to the nearest 
0.01 inch, Symes (1992) noted that each blade measured to within 0.02 inches (0.508 
mm) of MKW. Describing this relationship as a “rule of thumb” Symes (1992) 
emphasizes Cunningham and Holtrop’s (1974:84) noted relationship that the kerf 
produced should not exceed 1.5 times the width of the blade that produced it. 
Implementing an understanding of the dynamics between saw power, blade width, and 
kerf width, Symes et al. (1998) measured multiple false start kerfs (FSKs) found on 
various elements of sectioned bone recovered from a crime scene in order to assess the 
class of saw utilized. The MKWs ranged from approximately 0.08–0.09 inches (2.03–
2.29 mm). The large kerf widths suggested that the saw utilized in the dismemberment 
was a mechanical-powered saw. Despite its suggested value, only a handful of studies 
(Bailey et al. 2011; Berger 2017; Berger et al. 2018; Nogueira et al. 2016) have 
statistically addressed the relationship between MKWs and blade width while taking into 
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account the effects of saw power or the substitution of analogs for human bone in the 
experiments. 
Nogueira et al.’s (2016) analysis of a total of 170 FSKs, with 50 FSKs produced 
in pig femurs (10 FSKs per saw) using five different manual-powered saws, and 120 
FSKs produced in human femurs (30 FSKs per saw), using four different manual-
powered saws, observed that the general rule that the MKW does not exceed 1.5 times 
the blade thickness of the saw was not always true (Symes 1992). For one of their saws 
(saw 3) utilized, the ratio ranged from 1.15 to 1.61 in the pig bones and 1.23 to 1.68 in 
human bones (Nogueira et al. 2016). While the experiment on the human samples only 
utilized four saws due to the difficulty of producing the FSKs on the femurs, Nogueira et 
al. (2016) additionally found significant variation between the average MKWs in the pig 
bones and the human bones for their saw 3. While the MKWs for the three remaining 
saws showed no difference between the human bone and the pig bone, the significant 
difference observed for saw 3 suggests that pig bones may not be a viable substitute for 
studying some saw marks produced by some saws. Nogueira et al. (2016) noted that this 
variability may relate to a variety of factors including the condition of the saw (new vs. 
used), the physical condition of the bones utilized, and multiple dynamics influencing the 
cutting action performed by an individual (e.g., pressure applied, strength/tiredness, or 
depth of cut). 
While prior research (Guilbeau 1989; Symes 1992; Symes et al. 1998; Symes et 
al. 2010) examined MKWs, Bailey et al. (2011) presented one of the first attempts to 
create a statistical model solely addressing kerf widths relative to saw blade types. Bailey 
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et al. (2011) analyzed 100 saw kerf widths produced by each of the 10 saw types 
examined (five manual-powered saws and five mechanical-powered saws) on bovine 
bone. Using cumulative logit models in their statistical analysis, Bailey et al. (2011) 
found that their second model, which included the data for kerf widths and saw teeth 
widths, allowed for 70–90% of the saws to be eliminated based on kerf width. While their 
study additionally examined whether measurements taken from a FSK in bone could aid 
in identifying the type of saw used to produce the tool mark, it further expanded on 
previous research by increasing the saw sample used to produce FSKs and the number of 
FSK widths analyzed. The data collected suggest that FSK width measurements are to be 
used in conjunction with qualitative and quantitative information collected when 
examining saw marks in order to increase the accuracy of identifying the class of saw 
utilized to produce the mark.  
Bailey et al. (2011), Love et al. (2013), Moore (2014), and Berger et al. (2018) 
additionally assessed the effects of saw power to differentiate between saw types while 
evaluating multiple features including MKW. Love et al. (2013) examined the kerfs 
produced by four morphologically different saws: three manual-powered saws (crosscut 
handsaw, wavy hacksaw, and raker hacksaw) and a mechanical-powered saw 
(reciprocating saw). Using four human femurs, Love et al. (2013) secured each specimen 
to a bench vise and produced 15 FSKs per bone using each manual-powered saw. Due to 
the widths of the FSKs produced using the reciprocating saw, only 13 FSKs were made 
on the remaining femur (Love et al. 2013). In order to assess the error rates associated 
with the class characteristics of kerfs, three analysts examined the marks, and two 
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classification tree models were produced. Both classification tree methods found that 
measurements of MKW were highly replicable. Due to the significant variation observed 
between the MKW for each saw type, Love et al. (2013) recognized MKW as one of the 
most informative variables assessed in saw classification. The random forest 
classification system implemented by Love et al. (2013) aims to provide saw mark 
analysts with statistical parameters for identifying the type of saw used to produce a 
given saw mark or assess the probabilities associated between a saw type and a saw mark. 
While Love et al. (2013) found that their identification of saw type using multiple class 
characteristics that included MKW was 83–91% accurate, only four types of saws were 
utilized in the experiment.  
Moore (2014) and Berger et al. (2018) specifically focused on features produced 
by different chain types on the same saw and reciprocating saws, respectively, in order to 
determine whether class characteristics could differentiate between saws of the same 
class. Using five different chains, Moore (2014) produced 50 FSKs on restrained white-
tailed deer bone specimens. Measurements of the minimum and maximum kerf widths 
ranged between 4 to 12 mm, even though the minimum width recorded from the widest 
point of each of the chains was 8 mm. Moore (2014) noted that smaller kerf widths (< 8 
mm) may have resulted from stopping the sawing before the entirety of the chain 
penetrated the bone. Moore’s (2014) results indicated no significant correlations between 
the width of the kerf and the chain type.  
Berger et al. (2018) utilized partially fleshed white-tailed deer long bones to 
examine the class characteristics of saw marks produced using five reciprocating saw 
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blades and one hacksaw. Each blade was used to make two intentional FSKs on partially 
secured specimens, which were then measured using digital calipers to determine MKWs. 
An independent samples Kruskal-Wallis test noted a significant difference in the MKWs 
between all six blades (Berger et al. 2018). An additional independent samples Mann-
Whitney U-test indicated a significant statistical difference between the MKWs recorded 
for the reciprocating blades and those recorded for the hacksaw blade, emphasizing the 
differentiation that is possible between mechanical-powered and manual-powered saws.  
The present study examined whether significant distinctions can be made between 
the MKWs produced by a variety of saws in order to determine or narrow the type of saw 
utilized to produce the FSKs. The study evaluates whether a differentiation can be made 
between MKWs based on the power of the saw employed, hypothesizing that 
mechanical-powered saws would produce, on average, relatively greater MKWs than 
those produced using manual-powered saws. In addition to the variable of saw power, the 
role of restraint condition (restrained vs. unrestrained) on MKW of FSKs was addressed. 
It was hypothesized that FSKs produced using manual-powered saws on secured 
specimens would have relatively smaller MKWs than FSKs produced on unrestrained 
specimens due to bone vibration. The present study also examined whether the long bone 




CHAPTER 3: METHODS 
 
Sample 
A sample of partially fleshed long bones, comprised of humeri, radii, femora, and 
tibiae from white-tailed deer were utilized as an analog for human bones. Articulated 
limbs, with some soft tissue still adhering to the bones, were purchased from a local 
butcher in Holliston, MA, and transported to Boston University’s (BU) Outdoor Research 
Facility (ORF) for storage. The long bones of white-tailed deer were selected as the 
proxy in the experiment due to their morphological similarity to human bone in 
comparison to pig or sheep bone, as well as their availability and low cost. In 
comparisons of morphology and biomechanical tests conducted on sheep, pig, and deer 
femora, Kieser et al. (2014) found that deer bone was most comparable to human bone in 
its ultimate strength of whole bone bending, compression, Young’s Modulus, and 
bending stiffness. Kieser et al. (2014) additionally observed that the density of the deer 
femora (1.68 ± 0.04 g/cm3) was most similar to the human femora tested (1.64 ± 0.06 
g/cm3). The limbs were disarticulated using scalpels and stored in freezers for 6 months 
before they were removed and allowed time to thaw (approximately 24 h) prior to 
performing the experiment.  
 
Saws 
A total of 16 saws (Table 3.1) were utilized in the present experiment, 11 manual-
powered saws (Figure 3.1) and 5 mechanical-powered saws (Figures 3.2–3.5). The 
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manual-powered saws included a crosscut (5 3/8”) handsaw, a Corona® RazorTOOTH 
(10”) folding pruning saw, a Kobalt™ (6”) Bi-Metal wallboard saw, an ANVIL™ steel 
hacksaw frame using an Ace® coarse bi-metal (12”) hacksaw blade, a (7 ¾”) surgical 
bone saw (similar to a Satterlee 12” bone saw), an Irwin® ProTouch™ (6 ½”) coping 
saw, a Buck Bros. Professional (14”) Mitre Back saw, a Husky® (12”) bow saw, a One 
Stop Gardens (21”) bow saw, a Kobalt™ (15”) handsaw, and a Dewalt® (15”) handsaw. 
The mechanical-powered saws consisted of a Dewalt® 12 Amp reciprocating saw (Model 
DWE305) used to mount a LENOX LAZER® Bi-Metal reciprocating saw blade and a 
LENOX® Carbide Grit reciprocating saw blade, a Milwaukee® M12 Sub-Compact band 
saw (Model 2429-20), a Makita® (7 ¼”) 15 Amp circular saw (Model 5007F), and a 
RYOBI® 10” chainsaw (Model P546A). Table 3.1 lists the saws utilized and includes a 
summary of their designated saw identification (lettered A–P), brand, power type (i.e., 
manual-powered or mechanical-powered), the teeth per inch (TPI), the length, maximum 
blade width, set (i.e., alternating, wavy, or raker), intended substrate (when known), and 
whether the saw was new or used. The blade width for each saw was determined by 
finding the maximum width along the blade in order to account for set. Selection of the 
saws chosen for the experiment was based on which saws were readily accessible and 
commercially available for purchase at low cost to reflect ad hoc implements drafted into 




Table 3.1 Summary of characteristics of 16 saws utilized in the present study. TPI =  Teeth per inch. 





Handsaw (Crosscut) A manual used 8 5 3/8 "   1.20 Alternating Wood 
Corona® RazorTOOTH Pruning 
saw B manual used 6 10"   1.18 Alternating Wood 
Kobalt™ Bi-Metal Wallboard 
saw C manual new 8 6"   1.42 Alternating 
Drywall, 
plastic, wood 
Ace® Coarse Bi-Metal Steel 
Hacksaw blade D manual new 18 12"   0.63 Wavy Bi-Metal 
Surgical bone saw E manual used 10 7 3/4 "   0.70 - Bone 
Irwin® ProTouch™ Coping saw F manual new 16 6 1/2 "   0.45 Alternating  Wood, plastic, metal 
Buck Bros. Professional Mitre 
Back Saw G manual used 16 14"   0.54 - Wood 
LENOX® Carbide Grit 
Reciprocating blade  H mechanical new 
Carbide 
grit 8"   1.43 - 
Non-metallic 
materials 
LENOX LAZER® Bi-Metal 
Reciprocating blade I mechanical new 14 9"   1.02 Alternating 
Heavy metal 
cutting 
Husky® 12" Bow saw J manual used 4.5 12"   0.55 Raker Wood 
One Stop Gardens 21" Bow saw K manual used 4 21"   0.63 Raker Wood 
Kobalt™ handsaw crosscut? L manual used 9 15"   0.83 Alternating Wood, composite  
Dewalt® handsaw M manual used 8 15"   0.83 Alternating Wood 
Milwaukee® Sub-Compact band 
saw N mechanical new 18 27"   0.46 Wavy Metal 
Makita® Circular saw  O mechanical used     7 1/4" 1.10 - Wood, metal, masonry 





Figure 3.1. Assemblage of manual-powered saws utilized; lettering of saws 





Figure 3.2. LENOX®  Carbide grit (H) and a Bi-Metal (I) reciprocating saw blades 



















Prior to conducting the tests, the epiphyseal ends of each long bone were removed 
using a hacksaw to minimize the amount of grease needing to be leached and reduce 
maceration time. Before beginning the maceration process, specimens were partially 
defleshed of soft tissue using size 22 scalpels. Aluminum tags identifying the saw utilized 
to produce the FSKs on each specimen were attached to opposite ends of each bone shaft 
(Figure 3.6). 
Two separate tests were performed utilizing the saws listed in Table 3.1. The first 
test utilized all of the saws to produce FSKs on restrained specimens, with each 
individual long bone secured in a bench vise in order to reduce movement of the bone 
while sawing (Figure 3.7). Using each saw, five consecutive FSKs were spaced evenly 
apart up to 1/3 the depth of the long bone across four types of long bone, resulting in a 
total of 20 FSKs produced per saw. Use of the chainsaw (P) only produced 16 complete 
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FSKs due to fragmentation. While each saw was only used to produce five cuts per bone, 
each bone was assigned two saws, resulting in a total of 10 FSKs made on each bone 
(Table 3.2). Specimens sawn with the Makita® circular saw and 10” RYOBI® chainsaw 
were only assigned one saw per each of these bones due to the width of the FSKs 
produced, which threatened the integrity of the bone.  
The second experiment solely utilized manual-powered saws to produce FSKs on 
minimally restrained bone. In minimally restrained specimens, the bone was held with 
one hand and sawn with the other rather than secured in a bench vise during sawing 
(Figure 3.8). As in the first test, two saws were assigned to each specimen, with each saw 
producing five consecutive FSKs on the shaft of the long bone. Manual-powered bow 
saws J and K were not utilized during the second test due to the discovered difficulty of 






Figure 3.6. Two aluminum tags attached at opposite ends of the diaphysis to 













Figure 3.8. Demonstration of “unrestrained” specimen that is held in place with one 







Table 3.2. Summary of saw kerf measurements for tests 1 and 2.  
 











Difference Between MKW and Blade Width 
(mm) 
A 1.20 1.57–2.43 1.57 2.07 0.37 
B 1.18 1.30–2.05 1.30 1.67 0.12 
C 1.42 1.96–3.00 1.96 2.35 0.54 
D 0.63 0.79–1.22 0.79 0.96 0.16 
E 0.70 0.80–1.16 0.80 0.97 0.10 
F 0.45 0.60–1.00 0.60 0.82 0.15 
G 0.54 0.62–0.96 0.62 0.79 0.08 
H 1.43 2.56–3.25 2.56 2.60 1.13 
I 1.02 1.34–3.85 1.34 1.96 0.32 
J 0.55 0.61–3.82 0.61 1.69 0.06 
K 0.63 1.03–2.53 1.03 1.57 0.40 
L 0.83 1.15–2.28 1.15 1.55 0.32 
M 0.83 1.61–2.49 1.61 1.92 0.78 
N 0.46 0.70–1.86 0.70 0.94 0.24 
O 1.10 2.32–5.28 2.32 3.14 1.22 
P 3.71 4.44–9.67 4.44 7.22 0.73 
 











Difference Between MKW and Blade Width 
(mm) 
A 1.20 1.63–2.76 1.63 2.18 0.43 
B 1.18 1.34–2.94 1.34 1.87 0.16 
C 1.42 1.94–3.73 1.94 2.47 0.52 
D 0.63 0.72–1.93 0.72 0.92 0.09 
E 0.70 0.78–1.25 0.78 1.01 0.08 
F 0.45 0.52–1.17 0.52 0.78 0.07 
G 0.54 0.64–1.06 0.64 0.86 0.10 
L 0.83 1.12–1.89 1.12 1.49 0.29 




To remove any remaining soft tissue, specimens were simmered in a solution of 
powdered Biz® laundry detergent (20 mL per 2 L water) and powdered Arm & 
Hammer™ Super Washing Soda (20 mL per 2 L water) with temperatures maintained at 
or below 90°C. The maceration process using the water-detergent-carbonate solution to 
cook the remains at a low heat allows for the enzyme-active ingredients in the laundry 
detergent to gently remove any adhering flesh and fat in a time effective manner while 
maintaining the integrity of the remains (Fenton et al. 2003; Lee et al. 2010). After 
cooking the remains in the detergent and sodium carbonate solution for 6–8 h, specimens 
were removed, rinsed under water, and submerged in a solution of dish soap and water 
(approximately 150 mL per 2 L water) and heated at a low simmer for degreasing. As the 
proximal and distal ends of the long bones had been removed prior to the experiment, 2 
hours of degreasing in the solution was sufficient. While Fenton et al. (2003) suggest a 
liquid household or sudsy ammonia product for degreasing, a less aggressive method of 
degreasing using Dawn® Ultra Dishwashing Liquid was utilized to maintain the structure 
of the FSKs, as Lee et al. (2010) noted that the additional stage of degreasing using 
ammonia produces bone of lower quality. Cassidy (2019) notes that changes in the total 
size of white-tailed deer bone related to shrinkage from maceration techniques is 
minimal, with cooking and subsequent drying altering measurements of maximum bone 





Tests 1 and 2 produced a combined total of 496 FSKs. For the quantitative data 
collection, each FSK was measured six times along the width of the kerf to determine the 
minimum and maximum kerf widths using a Mitutoyo digital calipers. Measurements 
were spaced approximately 2 to 5 mm apart depending on the surface area required for 
each individual FSK. The measurements recorded for the FSKs produced by each saw 
were quantitatively analyzed Hierarchical Linear Modeling (HLM) statistical analysis. 
HLM is an advanced regression technique that utilizes multilevel data analysis in order to 
account for shared variance present in hierarchically structured data (Woltman et al. 
2012). HLM allows for simultaneous analysis of the relationships within and between 
hierarchical levels of grouped data. The restricted maximum likelihood (REML) 
estimation technique for analyzing variances in the data with HLM was utilized to 
address whether a statistically significant correlation existed between MKW and blade 
width. The HLM analyses were additionally performed to determine whether there were 
any statistically significant differences in the MKW measurements of FSKs when 
variables of saw power, restrained vs. unrestrained, and new vs. used were considered. 
While both new and used saws were utilized in the present study, the variety of saws used 
does not allow for individual comparisons of saw condition to be made. Differences in 
median MKWs between long bone elements were also tested to assess the extent to which 





CHAPTER 4: RESULTS 
 
Long Bone Element Type 
To determine whether the variables involved in the study produced a significant 
effect on MKWs, two HLMs were generated. Each model included saw type as a random 
effect in order to control for unobserved differences between variables. The first model 
included coefficients for restrained vs. unrestrained, manual vs. mechanical, long bone 
element type (i.e., humerus, radius, tibia, and femur), blade width, and new vs. used. 
Assessing the significance of each coefficient, HLM analyses indicated that long bone 
element type was not statistically significant. In range of MKWs produced using manual- 
and mechanical-powered saws on restrained bones across all four long bone elements 
utilized, the median MKW for each saw power type emphasizes that no statistically 
significant difference is observed between the elements (Figure 4.1). The overlap 
observed between the MKWs produced by manual-powered saws on restrained and 
unrestrained bones also depicts minimal variance between MKWs and their medians 
(Figure 4.2). In order to determine whether the removal of the variable for long bone 
element type would statistically alter the results a second model was generated. Due to 
the values remaining relatively unchanged, long bone element type was omitted from 





Figure 4.1. Distribution of MKWs including variables of bone element type, saw 






Figure 4.2. Distribution of MKWs for manual-powered saws including variables of 






Table 4.1. HLM 1 (top) including long bone element type, and HLM 2 (bottom) 
without long bone element type. Underlined values (red) show that there is minimal 
variation between the p-values for restraint condition, saw power, blade width, and 







Blade Width: Manual- vs. Mechanical-Powered Saws 
Initial comparisons of the average blade widths recorded for manual- and 
mechanical-powered saws as a whole, suggest that mechanical-powered saws have blades 
with relatively greater widths than manual-powered saws (Figures 4.3). When the outlier 
(saw P, chainsaw) is removed from the dataset (Figure 4.4), differences are still observed 
between the blade widths for each saw power type, but the overlap between the 
maximum blade widths of each saw power type increases. Examined individually, an 
obvious difference in blade width between manual- and mechanical-powered is not 
readily apparent, with the exception of the chainsaw (Figure 4.5). Comparisons of the 
average maximum blade widths based on saw power initially show that the average 
maximum blade width of mechanical-powered saws is 90.1% greater than the average 
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blade width for manual-powered saws. Removing the outlier (saw P) reduces 90.1% to 




Figure 4.3. Distribution of maximum blade widths for mechanical- and manual-











Figure 4.4. Removal of the outlier (saw P) exhibits increased overlap in the 




Figure 4.5. Maximum blade width for each saw utilized in the present study. Aside 
from saw P, there is no clear differentiation between blade widths of manual- and 











Minimum Kerf Width 
The MKWs for each saw blade are presented in Table 3.2. A positive relationship 
exists between blade width and MKW, with MKW increasing as blade width increases 
(Figure 4.6). The curve for the mechanical-powered saws (Figure 4.6) exhibits significant 
variation, related to the inclusion of the chainsaw (saw P) in the dataset. Removal of the 
outlier from the plot makes more clear the positive relationship between blade width and 
MKW for both manual- and mechanical- powered saws (Figure 4.7); however, a decrease 
in MKWs are observed for mechanical-powered saws when the blade width is greater 
than 1.20 mm.  
The correlation between blade width and MKW for restrained and unrestrained 
specimens additionally exhibits a positive trend between blade width and MKW (Figure 
4.8). In order to examine the relationship more closely, the outlier (saw P) was removed 
from the plot (Figure 4.9); the trend for unrestrained bones reflects greater variation than 
the trend for restrained bones. The relationship between blade width and MKW is not 
monotonic for the unrestrained dataset, with a decreasing trend between blades with a 
width of 0.80 mm and 1.20 mm and their MKWs. Conversely, the trend for restrained 
bones is monotonic, with the relationship between blade width and the MKWs produced 
on restrained specimens remaining consistently positive. Manual-powered saws produced 
the relatively narrowest MKWs on both restrained and unrestrained bones, with the 
coping saw (F) and mitre back saw (G) measured to 0.60 mm and 0.62 mm, respectively. 
The 12” bow saw (J) was not used on unrestrained bones, but produced a comparatively 
narrow MKW (0.61 mm) on restrained bone. 
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 Ratios comparing the values for MKW to blade width for each saw are presented 
in Table 4.2. The mode of the distribution of the ratios for each saw is 1.42. The ratios of 
mechanical- and manual-powered saws indicates that the average ratio for mechanical-
powered saws (1.59) is 18.7% greater than the average ratio for manual-powered saws 
(1.34). Comparisons of MKW to blade width based on restraint condition (Table 4.2) 
indicate that for saws C, D, E, F, L and M, the ratios for restrained are greater than for 
unrestrained. For these saws, the average ratio for restrained compared to the average 
ratio for unrestrained decreased by 5%. For saws A, B, and G, the average ratio for 
restrained compared to the average ratio for unrestrained increased by 3.4%.  
A HLM model indicated that there is a positive relationship between blade width 
and MKW, with the ratio comparing MKW to blade width predicted to be 1.61. In 
comparison to the mode of 1.42 calculated using the absolute MKW of each saw and the 
blade measurement, the HLM estimate of 1.61 accounts for effects of saw power, 
restraint condition, new vs. used, and blade width using the MKWs of each FSK. 
Utilizing HLM to assess which variables have a statistically significant effect on MKW, 
with p-values < 0.05 considered statistically significant, the difference between 
mechanical- and manual-powered saws (p=0.029) and saw blade width (p<0.001) are 
statistically significant variables, while saw condition (new vs. used) is not statistically 





Figure 4.6. Correlation between blade width and MKW. The significant variation 
observed in the curve representing mechanical-powered saws suggests that the 





Figure 4.7. The removal of the chainsaw (saw P) from the plot emphasizes the 
positive relationship observed between blade width and MKW for manual- and 











Figure 4.8. Correlation between blade width and MKW produced on restrained and 





Figure 4.9. Removal of the outlier (saw P) emphasizes the positive relationship 







Table 4.2. Summary of the ratios (MKW/blade width) for each saw used in tests 1 
and 2.   
 
Correlation Between MKW and Blade Width for Restrained Bones 
Saw ID Blade Width (mm) MKW (mm) Ratio (MKW/Blade Width) 
A 1.20 1.57 1.31 
B 1.18 1.30 1.10 
C 1.42 1.96 1.38 
D 0.63 0.79 1.25 
E 0.70 0.80 1.14 
F 0.45 0.60 1.33 
G 0.54 0.62 1.15 
H 1.43 2.56 1.79 
I 1.02 1.34 1.31 
J 0.55 0.61 1.11 
K 0.63 1.03 1.63 
L 0.83 1.15 1.39 
M 0.83 1.61 1.94 
N 0.46 0.70 1.52 
O 1.10 2.32 2.11 
P 3.71 4.44 1.20 
 
Correlation Between MKW and Blade Width for Unrestrained Bones 
Saw ID Blade Width (mm) MKW (mm) Ratio (MKW/Blade width) 
A 1.20 1.63 1.36 
B 1.18 1.34 1.14 
C 1.42 1.94 1.37 
D 0.63 0.72 1.14 
E 0.70 0.78 1.11 
F 0.45 0.52 1.16 
G 0.54 0.64 1.19 
L 0.83 1.12 1.35 







Mechanical vs. Manual-Powered Saws 
Differences between the MKWs produced by manual- and mechanical-powered 
saws were only observable for tests performed on restrained bones. The overall 
distribution of MKWs indicates that the median and the variances of MKWs from 
mechanical-powered saws are higher than those from manual-powered saws (Figure 
4.10). Assessing the saws individually, saw P (chainsaw) again represents a distinct 
outlier; however, the results for the four other mechanical-powered saws utilized in the 
present study have MKWs that are not consistently higher than the MKWs produced 
using the manual-powered saws (Figure 4.11). The results generated by the HLM model 
considering saw power, condition, and blade width, however, indicate that there is a 
statistically significant difference between mechanical- and manual-powered saws 
(p=0.043), and blade width remains statistically significant (p<0.001). Comparisons 
between the average MKWs for mechanical- and manual-powered saws additionally 
indicate that the average MKW of mechanical-powered saws is 108.3% greater than the 
average MKW for manual-powered saws. Accounting for the outlier, removal of the 







Figure 4.10. Overall distribution of MKWs based on saw power with outliers 





Figure 4.11. Distribution of MKWs produced by manual- and mechanical-powered 
saws on restrained bones. The MKW measurements recorded for the chainsaw are 






Restrained vs. Unrestrained 
In examining whether there is a difference between the MKWs of FSK produced 
on unrestrained bones and those produced on restrained bones, only the data generated by 
manual-powered saws used in both conditions were utilized (i.e., bow saws J and K were 
not included). The overall distribution of the MKWs (Figure 4.12) illustrates that the only 
apparent difference between the two restraint conditions is found in the third quartile 
(Q3), where, on average, FSKs made on unrestrained bones generally produce wider 
MKWs. When the saws are assessed individually, it is apparent that the variation among 
the MKWs for unrestrained bones is greater than the variation among the MKWs 
recorded for the FSKs produced on restrained bones (Figure 4.13). Comparing the 
medians of the MKWs, the manual-powered saws utilized produced inconsistent results. 
Saws A, B, E, and M indicate that their MKWs on unrestrained bones are wider than their 
MKWs on restrained bones. For saws F and L, FSKs on restrained bones produced wider 
median MKWs than those recorded on the unrestrained bones. Saws C, D, and G 
exhibited no apparent differences between MKWs recorded for FSKs produced on 
restrained and unrestrained bones. The HLM analysis, however, indicates that the 
restraint condition (p=0.009) and the blade width (p=0.004) are statistically significant at 
the 0.05 level of confidence, with comparisons of the absolute MKW for each manual-
powered saw utilized indicating that MKWs decreased by more than 0.02 mm between 
FSKs produced on restrained and unrestrained specimens for saws D, E, F, L and M. 
Accounting for the effects of restraint condition, blade width, and saw condition, the 





Figure 4.12. Overall distribution of MKWs for manual-powered saws shows that 





Figure 4.13. MKWs sorted by saw identification for restrained and unrestrained 
bones indicates that the variance of MKWs for unrestrained bones is larger than the 







 To determine whether it is possible to identify the potential saw utilized to 
produce a specific MKW among the examined sample, prediction intervals of the MKW 
for each type of saw and restraint condition were computed. As a result of the uncertainty 
in the variance inherent to HLM, prediction intervals were approximated using the 
formula: 	
"#$ ± &'/)*+,-./1 + 2#(454)+72#5 
 
where "8# is the predicted response, &'/)*+,	is the critical value used for the interval, 2# is a 
row vector of the covariate information used to predict "#$ , and 4 is the covariate matrix 
selected to generate the coefficients. The standard deviation -. of the output was obtained 
from the estimate of the variance of the level-1 residuals produced by the hierarchical 
linear model in R, indicating that the prediction intervals are only an approximation of 
the ranges for each saw’s expected MKW.  
 The prediction intervals represent where estimates of MKWs from different types 
of saws will fall into using a 95% confidence interval (Figure 4.14). If a MKW lies in the 
blue band (MKW up to 1.5 mm), it is not likely that saws A, B, C, H, O, or P were used. 
If the MKW lies in the pink band (1.5 mm to 2.5 mm), it is unlikely that saws D, F, J, N, 
or P were used, and if the MKW lies in the green band (>2.5 mm), it is most likely that 
saws H, O, or P were utilized (Figure 4.14). In the present study, prediction intervals 
found that when the MKW lies between 1.5 – 2.5 mm, there are a number of saws that 
could be suggested as the saw type (Figures 4.14–4.15). When MKWs are less than 0.5 
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mm or greater than 2.5 mm, it increases the likelihood that more saw types can be 
eliminated (Figure 4.15). The prediction intervals (Figure 4.14) and the associated plot of 
possible saws (Figure 4.15), indicated that it is most likely that 68.8% of possible saws 
utilized in the present study could be eliminated if the MKW is 0.5 mm, and 93% of saws 







Figure 4.14. Prediction intervals for each saw and their predicted MKW using a 
95% confidence interval. The blue, pink, and green bands represent the possible 





Figure 4.15. Number of possible saws used in the present study that could be 




CHAPTER 5: DISCUSSION 
 
Differentiation of Long Bone Element Type 
The results indicate that variables of blade width, saw power, and restraint 
condition influence the minimum width of FSKs and must be considered when assessing 
which saw type was utilized to produce the kerf. While no significant variation was 
observed between the MKWs of FSKs produced on the white-tailed deer radii, humeri, 
tibiae, and femora, structural and biomechanical differences between human and 
nonhuman animal bones may produce different results in human remains. Nogueira et 
al.’s (2016) study only found significant differences between the MKWs recorded on the 
human and pig bones for one out of four saws used on both remains. After suggesting 
multiple factors that may have contributed to the significant variability observed for one 
of the saws, Nogueira et al. (2016) concluded that perhaps pig bones cannot be used to 
assess some features of saw marks when using some saws. Despite the limitations on 
what conclusions can be drawn to explain why differences in MKWs were only observed 
for one saw, the minimal differences observed between the MKWs recorded for the 
majority of the saws utilized suggests that in general, MKWs of FSKs produced on 
white-tailed deer remains would also closely approximate any results that may be 
observed in human remains given that deer bone is more comparable to human bone in its 
ultimate strength of whole bone bending, compression, Young’s Modulus, bending 




Differentiation of Blade Width and Saw Power 
Symes (1992) and Symes et al. (2002) emphasized the direct correlation between  
saw set (i.e., the cutting width of the saw, including lateral bending of the teeth) and kerf 
width. When determining blade widths for the saws utilized in the present study, the 
maximum width along the blade was recorded in order to account for set. While the 
comparisons of blade width between mechanical- and manual-powered saws initially 
suggested that, on average, the blades of mechanical-powered saws were wider, the 
significantly larger blade width of the chainsaw skewed the data. The larger blade width 
of the chainsaw relates to the functional design of the individual teeth on the chain, which 
are designed to cut through a wooden substrate at high speeds (Moore 2014; Symes 1992; 
Symes et al. 2010). The chainsaw utilized in the present study had a maximum blade 
width of 3.71 mm, nearly 2.6 times wider than the next largest blade width recorded: the 
LENOX® Carbide Grit reciprocating blade (1.43 mm). The marked difference between 
the maximum blade width measurements for the chainsaw and the other saws utilized 
explains how inclusion of the dataset for the chainsaw skewed the data and why its 
removal showed that a clear distinction between blade widths of mechanical- and 
manual-powered saws was not as obvious. 
Relatively large MKWs are generally attributed to mechanical-powered saws due 
to their relatively greater blade widths when compared to manual-powered saws; Symes 
(1992) defines larger kerfs as those with widths of 0.045 inches (1.14 mm) or greater. 
This relates to a saw blade design with short and wide teeth in order to accommodate for 
the increased cutting speeds, high energy transfer, and torque of mechanical-powered 
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saws (Symes 1992; Symes et al. 2010). Mechanical-powered saws do not necessarily 
require short and wide teeth, resulting in the large blade widths, in order to accommodate 
for these characteristics, as indicated by the blade width (0.70 mm) of the portable band 
saw (N). In the present study, similarities between blade widths, resulting in overlapping 
MKWs, were recorded for saws B and I as well as for saws F and N. In each case, 
however, the mechanical saws (I and N) had greater kerf width ranges. While it is 
difficult to determine whether relatively greater MKWs recorded in the present study 
relate to the saw power (i.e., the implement utilized was a mechanical-powered saw) or to 
the relatively greater blade width of the implement utilized, the results indicate that the 
average maximum blade width and the average ratio of MKW to blade width for 
mechanical-powered saws is greater than the averages recorded for manual-powered 
saws. Further research utilizing more mechanical-powered saws of varying blade widths 
may allow for more significant comparisons between blade width and saw power.  
  
Differentiation of Restraint Condition 
In the biomechanics of sawing, the cutting strokes applied by the individual 
operating the saw represent the application of shearing force over a period of time. In 
terms of elasticity, the act of sawing may represent a steady application of force or a 
sudden impact of force (Berger 2017). With the consistent sawing action, bone responds 
by progressing into plastic deformation as the saw begins to section the substrate, but the 
narrow foci inherent to sawing causes bones to fail quickly (Berger 2017). In the forensic 
context of criminal dismemberment, both the body mass of victims and the perpetrator 
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placing pressure on the victim’s body, partially immobilizes limbs as the perpetrator saws 
along the transverse axis of long bones. The continued act of sawing eventually sections a 
bone through shearing, which may change into bending stress if the area no longer 
experiences as much restraint and separates from the trunk of the body.  
In the present study, the differentiation between restraint condition for the two 
experiments conducted aimed to address any difference that may be observed between 
the MKWs produced on unrestrained and restrained bones, where bones restrained in the 
bench vise accounted for the artificial lack of movement from most experimental models, 
while the unrestrained condition was meant to approximate the movement that bones are 
allowed in real dismemberment when fleshed. The absence of soft tissue on the white-
tailed deer bones used limits the possibility of accurately simulating the criminal 
dismemberment of a human body and the effects of soft tissue on the sawing action. As 
expected, the MKWs of FSKs produced on unrestrained specimens generally produced 
greater variation in MKWs; however, comparisons of the individual MKWs and ratios for 
unrestrained and restrained indicated that for multiple saws utilized in the present study, 
the ratios and MKWs for unrestrained samples were less than those recorded for the 
restrained samples. This may relate to variabilities in the rhythm of the cutting action, 
tiredness, strength, and/or pressure applied by the individual performing the sawing. 
While evaluations of the median MKWs produced by manual-powered saws on 
restrained and unrestrained specimens suggest that three of the nine saws exhibited no 
apparent differences, comparisons of the absolute MKWs indicate that all of the FSKs 
showed either an increase or decrease in MKW. Given that analyses of MKWs can 
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compare measurements that may only differ by hundredths of a millimeter, with 
significant overlap observed between kerf width ranges, variables (e.g., restraint 
condition) that alter the given range of MKWs for each saw can increase the number of 
saws to choose from. This may result in selecting the wrong saw class if solely relying on 
MKW in FSK evaluations. For instance, while the series of MKWs recorded for saw G 
only overlap with the MKWs recorded for saw F on restrained specimens, the data 
recorded for the MKWs produced by saw G on unrestrained specimens expands the 
potential pool of saws sharing the same MKWs to four (saws D, E, and F) (Figure 4.13). 
Due to the safety concerns in producing FSKs on minimally restrained bones, this study 
additionally does not address the differences that may be observed in produced using 
mechanical-powered saws. 
 
Potential to Identify Saws via MKW Measurements 
Measurements of MKW represent one of the only metric methods in a primarily 
non-metric examination process (Love et al. 2013; Ross and Radisch 2019). For the saws 
utilized in this study, the multiple number of saws that could potentially be identified as 
the implements used at various MKWs indicates that it is difficult to distinguish which 
saw was utilized to produce the FSK when solely utilizing MKWs. While the use of 
prediction intervals (Figure 4.14) allows for estimations of where future MKWs for any 
given saw may fall, the prediction does not guarantee that MKWs of saws cannot lie 
outside of the predicted range. The MKWs given for the FSKs produced using saw A 
indicate how its MKW range overlaps with the MKW ranges provided for eight other 
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saws (B, C, H, I, J, K, L, and M). Comparisons of the range of MKWs recorded for each 
saw utilized indicates that there is an increased likelihood that the saw can be identified if 
their MKW is 0.5 mm or 6.0–6.5 mm. Examinations of the ratios for MKW versus blade 
width for the saws utilized in the present study indicated that while the mode of the ratios 
is 1.42, therefore not exceeding Cunningham and Holtrop’s (1974) general rule that 
MKW does not surpass 1.5 times the blade width, multiple individual ratios did exceed 
1.5 (Table 4.2). Nogueira et al.’s (2016) study also noted that while the majority of the 
ratios recorded in their study did not refute the general rule, the maximum ratios for two 
saws (saws 3 and 5) in pig bones and one saw (saw 3) in human remains did exceed 1.5. 
In the present study, accounting for the effects of variables including restraint condition, 
saw power, blade width, and saw condition on MKW, the expected relationship between 
MKW and blade width ranged from 1.51–1.61. The concentration of values around 1.5, 
with 75% of saws remaining at or below 1.5, suggests that Cunningham and Holtrop’s 
(1974) rule is generally true, but could be modified to address the variability observed by 
Nogueira et al. (2016) and those recorded in the present study. While MKWs generally 
do not surpass 1.5 times the width of the saw blade, the likelihood that a MKW could be 
greater than 1.5 cannot be excluded in saw identification processes. 
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CHAPTER 6: CONCLUSIONS 
 
While previous research has only performed test cuts on restrained specimens, the 
present study evaluated the correlation between MKW and blade width using a variety of 
manual- and mechanical-powered saws on restrained and unrestrained specimens in order 
to determine whether the saws used to produce FSKs examined in bone could be 
identified while only relying on MKW. The use of HLM statistical analysis allowed for 
assessment of the effects of multiple variables including saw condition, saw power, long 
bone element type, blade width, and restraint condition on measurements of MKWs. 
Although a statistically significant relationship exists between blade width (p<0.001) and 
MKW, significant overlap in the distribution of MKW measurements recorded for the 16 
saws utilized confounds attempts to assign a saw mark to a specific implement when 
solely relying on measurements of MKW. While the REML models indicate that there is 
a statistically significant difference between mechanical- and manual-powered saws 
(p=0.043) and in the effects of saw power on MKWs, it was impossible to ascertain 
whether large MKWs related to mechanical power or to blade width. As perpetrators of 
criminal dismemberment have any number of saws available to choose from and restraint 
condition is unknown (but likely still fleshed remains), the significant overlap observed 
in the MKWs of the saws utilized can make it difficult to differentiate between specific 
saw types. The complexity of saw mark analysis cautions against solely relying on one 
trait, such as MKW measurements, to include or eliminate suspect saws, except where the 
width of a blade indicates that it never could have fit into that kerf. Analysis of the ratios 
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for MKW versus blade width confirmed that MKW generally does not surpass 1.5 times 
the blade width and should be used in conjunction with other qualitative characteristics 
and quantitative techniques in order to improve the accuracy and replicability of saw 
mark analysis. Future research of MKWs should increase the variety of mechanical-
powered saws utilized and would ideally produce FSKs on fleshed remains in order to 
compare them with the MKWs of FSKS made on defleshed remains. Additionally, 
research might expand on Nogueira et al.’s (2016) comparisons of MKWs recorded for 
human and nonhuman animal bones in order to determine whether the latter offer a 
suitable proxy for human bones when accounting for variability observed between the 
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